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Abstract 
The objective of this study is to investigate the effect of multi walled carbon nanotube (MWCNT) inclusion on the fracture 
toughness and the ballistic resistance properties in terms of energy absorption. The determination of fracture toughness of the 
epoxy/MWCNT matrix was carried out by using a single edge notch bending (SENB) method according to the ASTM D5045-99. 
Four different weight percentage (wt %) of multi-walled carbon nanotubes (MWCNTs) contents were used, which were 0 wt.%, 
0.1 wt.%, 0.55 wt.% and 1.0 wt.%. Epoxy binder and MWCNTs were mixed by using a mechanical stirrer for 10 minutes at 1500 
rpm speed and was further sonicated for 30 minutes at 30 Hz amplitude in order to enhance the homogeneity of MWCNTs in the 
matrix. The composite panel comprised of Twaron fabrics with epoxy resin filled with MWCNTs was fabricated using hand 
layup and vacuum bagging assist method. The Twaron/epoxy/MWCNT composite panels were subjected to a ballistic test using 
9mm Full Metal Jacket bullet at different impacting velocities. From the SENB results, it can be reported that MWCNT inclusion 
up to 1.0% w.t content shows significant influence towards increment of fracture toughness value. MWCNT also improves the 
ballistic resistance capability of the composite panel where it was found that the impact energy absorption value was 
proportionally increase with the epoxy/MWCNT matrix’s fracture toughness properties.  
 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering. 
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1. Introduction 
Carbon nanotubes are theoretically one of the strongest, stiffest materials with a calculated tensile strength 
of 600GPa and modulus of more than  TPa [1]. If the mechanical properties of nanotubes can be effectively 
incorporated into a polymer matrix, composites with very high strength can be achieved [2]. Because of the large 
inter- phase volume present in nanocomposite materials, there is also the potential for enhanced dissipation of 
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impact energy in these systems. Composite armor is typically used in defence and security operations due to its 
lightweight and cost efficiency criteria. When a projectile strikes a composite armor, the composite’s reinforcements 
absorb and disperse the impact energy to successive composite layers. This will cause the composite to deform in 
terms of fracture, delamination of the composite layer and shear cracks. Therefore, composite based armor should 
possess a large high fracture toughness property that will resist the projectile impact force. 
Ashcroft et al [3] have reported that by adding 0.1wt.% carbon nanotubes into alumina based composite 
increases the fracture toughness from 3.7 to 4.9MPa·m0.5 and that by adding 10wt.% of nanotubes nearly multiply 
three fold the fracture toughness value of nanocrystalline alumina (9.7 MPa·m0.5). Nanotube-embedded alumina 
ceramics allows it to be lighter and thinner ceramic plates and provide large covering area. These results in the 
increase of mobility for the wearer due to its lightweight attribute and reduce fatigueness. Nanotubes might also 
produce similar effect with boron carbide that has a diamond-like hardness of about 30GPa, but are unable to 
withstand high-velocity bullets [4]. The fiber-composite and textile soft body armor are able to withstand bullet 
penetration because the fibers spread a bullet’s crushing force over a large area when the bullet deforms the armor 
[5]..  
This paper investigates the effect of MWCNT inclusion as filler material inside the epoxy matrix (binder) on the 
fracture toughness properties. This paper also investigates the MWCNT influence in terms of the ballistic resistance 
capability (energy absorption) of a composite material comprised of a ballistic resistance fabric (Twaron) as 
reinforcement and the Epoxy/MWCNT as the binder system. 
2. Experimental 
2.1 Materials 
 
Low viscosity epoxy CP812 (obtained from Oriental Option Sdn Bhd) was used as polymer matrix in this study. The 
reinforcement filler was multi-walled carbon nanotubes (MWCNTs) and was supplied by Chengdu Organic 
Chemicals Co. Ltd. from China. The MWCNT was produced by using chemical vapour deposition (CVD) and has 
the purity of more than 90%; with tube outer and inner diameter of 10 to 30nm and 5 to 10nm respectively and the 
tube length of 10 to 30μm long (according to the manufacturer MSDS). The composite reinforcement material is 
Twaron fabrics (CT 716) and was obtained from Teijin Aramid BV, Holland. 
 
2.2 Determination of Epoxy/MWCNT Matrix Fracture Toughness  
 
Four different MWCNTs content (percentage by weight, wt.%) is used as a parameter in Epoxy/MWCNT matrix 
fracture toughness property determination process, which is at 0wt.%, 0.1wt.%, 0.55wt.% and 1.0wt.%, respectively. 
Epoxy/MWCNTs slurry was continuously mixed using a mechanical stirrer at 1500 rpm for 10 minutes. After that, 
that mixture was sonicated by using ultrasonication equipment for 30 minutes at 30 Hz amplitude in order to achieve 
homogeneity in the slurry. The slurry is then poured into a mold and cured at room temperature. The fracture 
toughness of epoxy/MWCNT sample (as shown in Fig.1) was determined by using a single edge notch bending 
(SENB) method under flexural loading, according to ASTM D 5045-99 [13]. 
 
 
 
 
 
 
Fig. 1: Epoxy/MWCNT sample Single Edge Notch Bending (SENB) test. 
 
 
2.3 Determination of Twaron/Epoxy/MWCNT composite ballistic resistance (impact energy absorption 
capability) 
 
Twaron laminated composite was fabricated using the epoxy/MWCNT slurry as the matrix system at three different 
ply configuration, namely 5, 7 and 9 layers or plies. The composite laminate (as shown in Fig. 1) was fabricated by 
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using hand layup method with vacuum bagging assist. The purpose of additional vacuum bagging in the fabrication 
process was to produce a good interlayer adhesion between Twaron layers and minimize the void content. Ballistic 
test setup and materials (as shown in Fig 2) was carried out in accordance to MIL-STD 662F [14] in order to 
determine the energy absorption value of Twaron/epoxy/MWCNTs panel. The ballistic test was done at Science and 
Technology Research Institute for Defence (STRIDE), Batu Arang and 9mm Full Metal Jacket ammunition were 
shot at 332±3, 358±3 and 426±4m/s impacting velocity. Two set of chronograph were used to measure the initial 
velocity (prior impact) and residual velocity (post impact or after penetration of composite) of the 9mm FMJ 
ammunition. 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Ballistic test configuration (a) 9 mm ammunition (b) Test gun system  
(c) Twaron/Epoxy/MWCNT composite clamped at target holder. 
 
Eq. 1 showed the basic concept to measure the energy absorption during an impact. Total kinetic energy absorbed by 
the composite panel is equal to the initial kinetic energy produced by the projectile minus by the kinetic energy 
produce after hit and penetrate through the specimen. 
 
ܧ஺௕௦௢௥௣ ൌ ܧூ௡௜௧௜௔௟ െ ܧோ௘௦௜ௗ௨௔௟          (Eq. 1) 
 
By using the energy relationship, Eq. 2 may expand as shown in equation 3.6. This equation can be used for kinetic 
energy of moving objects, especially the projectile impact. ݉௣  is mass (g) for the projectile, ݒ௜  (m/s) is initial 
projectile velocity and ݒ௥  (m/s) is residual projectile velocity after penetrating through the sample. The unit for 
energy absorb, EAbsorb, is in joule, J. 
 
ܧ஺௕௦௢௥௕ ൌ ሺଵଶ݉௣ݒଶ௜ െ 
ଵ
ଶ݉௣ݒଶ௥ሻ              (Eq. 2) 
3. Result and Discussion 
3.1 Fracture Toughness of Epoxy/MWCNT Matrix 
 
Fig. 3 illustrates the effect of MWCNTs on the fracture toughness of epoxy/MWCNTs matrix. The comparison 
between neat epoxy and epoxy reinforced with MWCNTs (0.1 wt. %) shows the linear increment of fracture 
toughness value, from 68.09 MPa.mm0.5 to 160.96 MPa.mm0.5. 222.51 MPa.mm0.5 (0.55 wt.%) and 287.09 
MPa.mm0.5 (1.0 wt.%). The presence of MWCNTs in epoxy structure shows a strong influence on the toughening 
effect in epoxy matrix where this trends was also reported by Lachman and Wagner [6]. With the MWCNTs 
presence in epoxy polymeric chain structures, it is assumed to provide a crack bridging mechanism (efficiently 
distributing the stresses) inside matrix at various planes and angles.  
 
(a) (b) (c) 
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Fig. 3: Fracture toughness property of Epoxy/MWCNTs matrix at various MWCNT loading conditions. 
 
 
3.2 Impact Energy Absorption of Twaron/Epoxy/MWCNTs Composite 
 
It can be reported that all Twaron/epoxy/MWCNTs composite suffered total penetration when subjected to 
three projectile impacting velocities, which was the means to measure the impact absorbed energy (ballistic 
resistance capability) of the composite at several layer configurations. Fig. 4 to 6 illustrate the influence of fracture 
toughness on the energy absorption of Twaron/epoxy/MWCNTs composite. Fig. 4 shows the changing of energy 
absorption against fracture toughness of composite at the lowest projectile impacting velocity projectile (384±3 
m/s). From the figure, it can be observed that the increment of energy absorption value of the composite is linearly 
proportionate with the increment of composite’s fracture toughness. The maximum energy absorption was 264.8 J at 
Twaron with 9 layers configuration. It can be noted that during the impact condition, the projectile kinetic energy is 
mostly transferred to the composite. With the presence of MWCNT as filler inside the composite, it can be assumed 
that the stresses are efficiently distributed between plies. As mentioned by Laurenzi et al. [8], epoxy reinforced with 
CNT are predominantly tough and can provide good resistance towards impact by retarding the cracking 
mechanism. These facts are also supported by Fereidon et al. [9] and Saleeken et al. [10]. 
 
 
 
Fig. 4: Composite energy absorption vs. fracture toughness results at medium impact velocity, 384±3 m/s. 
 
Fig. 5 shows the energy absorption values at the medium projectile impacting velocity of 412±3 m/s. At 5 
plies of Twaron fabrics, the energy absorption percentage showed a strong increased with the increasing of 
composite fracture toughness values. For Twaron fabrics of 7 and 9 layers, the plot curve showed that fracture 
toughness slightly influenced the energy absorption capability of the Twaron/epoxy/MWCNTs composite. The 
irregularity of the energy absorption value of Twaron of 7 layers compared to 5 and 9 layers at fracture toughness 
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value 287.09 MPa.mm0.5 was due that the projectile initial impacting velocity was recorded more than selected 412 
m/s velocity range. This largely affected the overall energy absorption value. However the plots for all composite 
plies shows consistency in terms of the energy absorption incremental trends. 
 
Fig. 5: Composite energy absorption vs. fracture toughness results at medium impact velocity, 412±3 m/s. 
 
 
Fig. 6 shows the energy absorption values at the projectile impacting highest velocity (437±4 m/s). The 
trend of energy absorption capabilities also exhibits similar trend as the medium impacting velocity results (Fig. 
4).The  9 layers of Twaron fabrics had the highest capabilities of energy absorption capabilities, followed by 7 and 5 
layers. The increasing of layer's number illustrates the role of each layer in the mechanism of energy absorption also 
known as fibre stretching. From this results it is clearly define that the fabrics layer provide a more significant 
influence compare to the fracture toughness property of the Epoxt/MWCNT matrix at higher impacting velocity 
condition. This can be shown in the increasing trends of the 9 layers of Twaron/Epoxy/MWCNT composite at all 
impacting velocities results compared to the other composite layer configurations. The stretching mechanism of the 
ballistic fibre absorbed the kinetic energy from the projectile until it yields and rebound [11]. In this study, the 
projectile had sufficient energy to penetrate through the Twaron fabric layers, although interconnected with the 
Epoxy/MWCNT binder where it can be assumed that the collective Twaron fibres had exceeded it yield strength and 
resulting vast fiber breakage and binder matrix cracks at the impact zone. This scenario are also similar to the 
published works by Avila et al. [12] and Udin et al. [13] where they reported that the increase of energy absorption 
are proportionate to the composite thickness and fiber strength. 
 
 
 
 
Fig. 6: Composite energy absorption vs. fracture toughness results at medium impact velocity, 437±4 m/s. 
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4. Conclusion 
In this paper, the influence of fracture toughness on the ballistic resistance in terms of energy absorption capability 
of Twaron/Epoxy/MWCNTs was studied. The conclusions can be made are: 
a. Highest fracture toughness was recorded at 1.0 wt.% Epoxy/MWCNTs content. This can be assumed that 
MWCNT act as a bridging mechanism for efficient stress distribution to the composite planes and improves 
the fracture toughness value of the matrix system. 
b. MWCNT inclusion in the Twaron/Epoxy/MWCNT composite have a distinct influence in terms of 
increasing the energy absorption value thus can be a good additive material in increasing the ballistic 
resistance capability of composite materials. 
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